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SUMMARY Coronary ocdasion in the dog m f^**!*)*' 
myocardial cell utfyry whleh develop* firtt b su^^o^rdielwwbf 
stevere ischemU and subsequently spreads into inld.an^subepi^ 
areas of moderate Ucfaemln. The effeci., of iprt>pran©Jbl oo this 
pro^rosdon of iachwpic injury vtxt e«alUftied- Th^J^roupit dops 

were ^ied; 1) umrealed, 2) treated wi^ i: pro^r|no)or beforehand 
throughout coronary ligacion, and 3) ii^tedVitb^rjcTjrw^ol bcgln- 
nin^ threo boura after ligation, Dofis wtf^^l^-^ii^.^M- 
coronBry ligation Knd necrosis wa* quanntatcd/frpro bistologlf: sec- 

MYOCARDIAL CELL DEA^|t>Uowpg : acut^ 
occluaion > develops first in severely |i^erhic:snb^nHoca'rdia^ 
myocardium, and proereMi^QVy^i^ of 
moderaiely ischemic mid- and ^subepicardial myo- 
cardjum.*' a Many studies haye suj^i^^idea that this 
process can potentially be Urnitcd^y^c^rly. pharmacxjlogic, 
mechanical or surgical intervention.^- 1 ' 4 

Previous studies have demonstrated tblt/^blockadc with 
propranolol or practolol reduces ep\h#rAyft ^precordial ST 
segmeni elevation following experimental 1 -cdronary, occlu- 
sion or following myocardial infareffoh* in> rnirf:f k? 




The present study w M done to determine- Jri|^*r'nec/o$is 
within the peripheral, moderately iscliemijs^b^e of m^^cxs 
produced by permanent coronary l^gatiff^jji^jDss «ooul<({ taje 
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tions or tni&iral tikes through the posterior papillary muscle. 
Propranolol reduced Infarct size by preventing necrosis In peripheral 
(subt^tariW) arena of moderately fechemlc myocardium- Pre- 
trcacment ^ith propranolol reduced necrosis from 85 * 3% (un- 
treated) to 52i± 4% (P < 0.05), Delayed propranolol therapy was 
about half asi effective as pre-trcalmem and reduced necrosis to 
w71 ± 3% {P!% 0.05). Propranolol fllw limited microvascular iojwry 
ao rh»t per&ion defects, detected wllb the dye tblonatm S, were 
smaller Id treated dogs. 



limited by propranolol. Infarct si2e was significantly reduced 
by propranolol therapy instituted prior to, and maintained 
throughout *' coronary occlusion. Intervention with pro- 
pranolol three hours after coronary ligation was less effec- 
tive but stili;'^oduced a significant reduction in infarct size. 

Materials and Methods 

Mongrel dops of both sexes weighing 9-28 kg were 
ancsthctizcc&wjth sodium pentobarbital (30 mg/kg)j in- 
tubated, arid' ventilated with a Harvard (Model 1063) 
respirator^sepiic surgical techniques were used. Lead II of 
the standardlcicctrocardiogram (ECG) and peripheral blood 
pressure, via la catheter in the right femoral artery, attached 
to a Statham (F23AQ pressure transducer, were monitored 
on a Grass (Model 5) polygraph. The right saphenous vein 
was cathetcrized for propranolol or saline infusion and both 
catheters we're kept open with dilute heparinized saline. 
*' The chest was opened in the.fourth left intercostal space, 
the pericardium was incised, and the circumflex coronary 
artery was^, isolated 1-2 cm from the aorta. Dogs in a 
preireated group (group B) were given 5 mg/kg propranolol 
(intra-arieriaily) 10 min prior to coronary occlusion and an 
additional l^.mg/kg/hr in heparinired saline was infused 
intravcnously/iit 0.7 ee/rnin beginning 30 min after occlusion 
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and continuing until sacrifice at 24 hours f f An untrWtcd ** 
group (group A) was given isotonic heparinized -saline" 
without propranolol at the same rate and the same routes as 
dogs in group B. A third group of dogs (group C) was given 
delayed propranolol therapy beginning with 5.0 .'mg/kg 
propranolol three hours after occlusion and.foH^oj^ 
later with an intravenous infu5ion ; at 1 .0 or 2.0Sng/$g^hr un- CC? 
til sacrifice. $M?t^1%% 

Permanent occlusions were done t.bywdouble fligation.^. • 
Following placement of the first ligature^ 'aieatheter^.wa« , ^ 
placed in the artery for measurement^pX peripheral coronary 
pressure (PCP). The catheter was therj removed and the sec- 
ond ligature placed. Incisions were closed and, all animals 
were allowed to recover from an^tbe^ia^p^^ihours. Ap^ . 
proximately 24 Hours after occlusion i' ! 4og& were re-' 
anesthctized. The fluorescent dye, thWffa^|Si^S) (1.0 
cc/kg of a 4% solution) was ( injec^^in^|&enously to 
demonstrate areas with collateral flow (flubre^eht) vs. areas 
with low or no flow (nonfluorescent). Ten tojiiccn seconds 
after TS injection, hearts were excised/'cooleo^'in^isotonic 
KC1, opened and photographed. Several transmural 
longitudinal slices were cut from the poatenjof papillary, ^ \ 
muscle (PP). These were phiographed under' white lightjto 
record grossly necrotic areas and under uitriviStet UghtUo 
record the gross distribution of fluorescence. THe-ultra violet 
light source was a high intensity mercury Lckz lamp with a , , 
Zeiss BG 12 excitation filter and a Y2 yellow $lter%as used : 
on the camera to exclude reflected blue and^ ultraviolet !ighi,v ;; ;, ; .*- 
The transmural papillary muscle; slicesJWere^|Sed5n 10% 
phosphate buffered formalin and histoigigic*^^^^ : 
prepared from each slice and stained,w^tfi v hematoxyilh^ 
eosin (H&E), by the periodic acid Schiff^CTibn t'PAS)r^ _ 
and with HcidcnhairTs variant of MaUbfy'itcOnricctLve- tista?^" 
stain (CT), Necrosis was quantiiated '( as* percent of Pr 
(transmural) by projecting histologic^ Sc>cti bus of the 
transmural PP slices onto heavy ^weight rpaper, utracing^ . 
necrotic and spared areas, and icuttrng^and^eifihing the 
respective areas of paper. PercenuTS^onfl^^scence was 
similarly calculated from the color slides. The groups were 
compared using the Student's nonpaire8 f ?- : test^' 
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FIGURE I. '^Transmural slices through the ischemic posterior' 
papillary muscles of Hearts from representative dogs of each group. 
All xUcps are photographed with endocardial surface up and chor* 

doe tendineae to the left, a) The top slice is from on untreated dog 
sacrificed after a 24- hour ligation of the circumflex artery. Necrosts 
is nearly transmural and consists of a central subendocardial zone 
(tight area J? Of* coagulation necrosis, a hyperemic (dark) mldzon* 
and a peripheral zone of necrosis and acute inflammation (light 
zonp). A> thin ritnt^f subepicardial muscle (dark) id still viable, b) 
The middle slice istfrom a dog pretreoted and continuously infused 
with propranolol:^ sacrificed after 24 hours of Circumflex artery 
ligation, Necrosis ((light areas), with scattered areas of hemorrhage, 

\s present throughout the subendocardial and midmyocardial 
myocardium. The ^subepicardial third of the ischemic wall (dark 

tone) is viable, e) The lower slice is from a dog in which propran- 
olol therapy was deloyed until three hours after circumflex coronary 



Sixty-nine dogs were used. Sixteen of 33 (46^);untreated 
controls, 10 of 21 (48%) propranolol pretrcaipdidogs and ,10 x 
of 15 (67%) propranolol delayed treated dogs syrored thc;24 l . 
hour period required for analysis of infarct ^|erTwenty- 
four dogs that died spontaneously develop^lver^tricular, 
fibrillation, usually during the first few minutes aft'ef occlii- 

sion. An additional 13 dogs died relari^ry^'altr the v — T^n^ec^saAnvoNes about three fourths of the transmural 
acute experiment, presumably from arrh^hrin^s^although ^rf thickness and con* 
the ECG was not monitored. Thc*numb^of<b%^ - - w 

each group was similar and occurred in^aj^a^^ 
dom fashion. We could demonstrate nb^fferer^; bjjwjssrr 
dogs that lived and those that died whTeir^ala'^ V 
post-occlusion heart rate or blood jjrcssurc* leari II ST-seg- 
mcnt deration, or exact site of coronary' occlusion. 
All dogs that survived coronarv: r U^ioB''shSWetl nj&osis* 

involving the posterior papillaiy : imu^d^a^ 
myocardium. The lateral extent of infafction^lyiried from 
dog to dog depending on coronary : aJ>atomyjThe!;transmural 
extent of necrosis was more consistemfwithuTeach group. 



consists of a central core of coagulation necrosis 
(ti&hi). a hyperemic mtdtone (dark) and a peripheral zona of 
coagulation necrosis and acute inflammation (ttgH\ ), The subepicar- 
dial zone ofviablejtnusclefdark) is intermediate between (a) and(b) 
in thickness. 



permitting detection of significant differences between treat* 
mcnt groups. Slices through a representative heart from 
each group 1 is^shovrn in figure I. 

Necrosis was'*.. significantly reduced from 85 i 4% to 
52 ± &% of* the transmural posterior papillary muscle sec- 
tions by continuous treatment with propranolol (table 1, fig. 
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Dog £ 



Mwc 6T 
ELovittion 
CmV) 



1774 
1781 
1B27 
1870 
1880 
1680 
1889 
1909 
1918 
1937 
1038 
1954 
1959 
2070 
2077 
2116 

Mean 

± 6JG 



0.9 
0.5 
0.4 
1.0 
0.6 
0.1 
0.4 
1.0 
1-0 
0.1 

0-2 
0.9 
0.6 
0.0 
0-3 
0.7 



0.5 0.1 23 * 3 




Propranolol Pre-Rz 



1877 
1881 
1890 
1396 
1906 
1934 
1943 
1950 
1955 
1956 

Mean 
= sc 



0.1 
0-1 
0.4 
0,0 
0.1 
0.0 
0.0 
0.1 

o.x 

0.3 



30* 

18 
17 
23 



" 73// 




10 
21 



0.18 * 0.06** 21 



Propranolol 8 flr. 

Delayed Bx 



2061 


0.1 




2067 


1.0 


19 


2069 


0.2 


83 


2072 


0-5 


16 


2070 


0.4 


15 


2095 


0.5 


16 


2066 


1.1 


18 


2094 


0.2 


15 


2104 


0.6 




2107 


0.8 


18 


Mean 




19 = 2 




0.5 db 0.1 




62 >= .-^ewM, 



-J* <o.OD-, **/» <0.0l-, ***JP > <0.001 (or iroa^i natn^ied btwjxj 

AtrtSevtotioii*: Mm 8T elnv»t»OTi - maximum ST - ooe«»M>»v;©Uva*ioa 
in lo&a II of the standard ECG | POP -i, p6iiph^,coroiwiy^]>rwnra. 

Neonate u fixpresesd ftfl & parronwB© ol vrtpenural Boowono '^s-- owgti 
Uie posterior papillary muscle Qsoe mechoda). .<'*'. - * ' ^ 

cb - fitftndord error ol 1&* mewl. V ?' ^-j 1 H -' 

2). Delayed therapy with propranolol started* three hours 
after occlusion resulted in 71 ± 3% necrosis, 

The maximum ST-segmen* eleyatjon^inT icatMI, which 
usually developed by five minutes: after coronary occlusion, 
also was significantly less in dogs . prctrcaicd wiih pro- 
pranolol (0.17 mV compared to 0 5 mY- in -both the un- 
treated and delayed treatment groups) (iaWeJ). Limb lead 
ST-scgment elevation did not accurately 'reflect subsequent 
infarct size, however, The linear correlation coefficient lor 
ST elevation (in untreated and propranolol pretreated dogs) 
vs. ultimate infarct size at 24 hours was only 0.47'. ' 
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FIGURE 2- Transmural necrosis, calculated as describe J in the 
text, is compared in the three treatment groups. Brackets indicate 
the'SEM. Preireatment and continuous treatment with propranolol 
during coronary occlusion significantly reduced the transmural ex- 
tcnt of necrosis (P < 0.002). Delayed treatment also reduced 
necrosis {? < 0.01) but war less effective than pretreatment. 



3 



The reduction in myoflbcr necrosis in propranolol treated 
dogs was apparently paralleled by smaller areas of micro- 
vascular injury. Pale zones of subendocardial myocardium 
and a surrgunding zone of intramural hemorrhage, in- 
dicative of vascular damage, 1 were characteristically pres- 
ent in*>ll tfiree groups of dogs (fig, 1). Vascular damage 
within such areas is supported by the fact that myocardium 
within 1 these; areas w as not perfused or stained (was non- 
fluorescent) after i.v. injection of thioflavin S. However, the 
amount of nonfluorescenl myocardium in the posterior 
papillary muscle slices was retfuced from 76 ± 5% (un- 
treated) to 43. i 5% by continuous propranolol treatment. 
The delayedf treatment group showed 62 ± *% non- 
fluoresence (fig. 3). ^ 

Propranolol administration was u&ually associated with 
minor reductions in heart rate and mean arterial pressure. 
However, these parameters varied considerably between 
dogs, and within each dog over the 24 hr period of study, and 
no difference between groups was observed (table 2). Most 
dogs developed frequent ectopic beats and often showed con- 
tinuous or intermittent runs of ventricular tachycardia. Ec- 
topic activity was biphasic, being prominent in the first half 
hour, subsiding during the next 2-3 hours and then 
rcappcaring'land continuing until sacrifice. The heart rate 
and the percept of total depolarizations which were ectopic 
on the ECQ^in the awaKe state) 16 hours after occlusion 
(table 2) were' not altered by propranolol treatment. 

Discussion 

The results": obtained from this study demonstrate that 
propranolol given prior to and continuously during coronary 
ligation markedly reduces the transmural extent of myocar- 
dial infarction. Previous studies have demonstrated that 
propranolol reduces cpicardial ST-segment elevation"* 10 and 
delays ccirdcath in areas of severe ischemia so that smaller 
areas of necrosis occur subsequent to temporary coronary 
occlusion, 11 :*? The present Btudy demonstrates, by direct 
histologic quantitation, that moderately Ischemic cells on 
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alter the conclusions of this study is supported by the facts 
that 1) morality was similar in ail three groups and 2) 
deaths were apparently random and could not be predicted 
from hemodynamic parameters, exact site of coronary 
occlusion^or magnitude of limb lead ST-segmcnt elevation. 
The validity of using necrosis in transmural sections through 
the posterior papillary muscle as an index of infarct size has 
been shown previously,' 

The potential; for salvage of ischemic myocardium by 
therapy which i$ J Started subsequent to coronary occlusion 

(the situation which usually would apply in roan) depends 

most importantly on the amount of ischemic but still viable 
myocardium available at the time therapy is begun. We 
previously have qAiantitated transmural necrosis with respect 
to duration of circumflex coronary occlusion in the dog. 
*■ - Irreversible cell injury in this model develops first in the sub- 
endocardial myocardium , w A wavefront of coll death then 
moved from die subendocardial zone of severe ischemia 
toward the subepicardial zone of more moderate ische- 
mia. l - 2 By 40 nun, about a third of the muscle in transmural 
sections through' 'the posterior papillary muscle is already 
dead and becomes necrotic even if rcperfusion is allowed. By 
three hours, an average* of 57% of the transmural PP is dead 1 
and by 24-36 hours, 85%. Thus, in ddgs with circumflex cor- 
onary occlusions, there is ischemic myocardium which still is 
viable at three hours but which, in the absence of thera- 
peutic intervention, dies by 24 hours. This salvageable myo- 
cardium mcludc5$c three hours (85-57)/85 X 100 or 33% of 
the 24 hour infarct. Propranolol therapy begun three hours 
after circumflex ligation salvaged only (85-71)/85 X 100 or 
16% of the^transmural infarct. However this \6% was about 
half of the average amount of ischemic muscle estimated to 
still have been'hviable and potentially salvageable when 
therapy was started. 

The mechanism by which propranolol reduced the extent 
of myocardial necrosis is unknown, Dose roponse studios 1 ' 

have indicated chat protection is related to 0-blockade but 



FtGURE 3. Transmural slices through the t$ch£mif0)OSiezior 
papillary muscles of hearts from representative dagh^^ch grbufi.^ K * 
Each slice was photograph ed, endocardial surface up^ndtr W/ra- * * 
violet light after /. V. ihiofiaMin S injection to demonstrate arejas^of ' j" t . ^ 
persistent collateral flow (fluorescent, lighter areas)' vW' areas*w(th 

no thioflavin S penetrance (dark areas) and thercfot0ipsig^{fUant 

collateral flow* a) The top slice from an untreated ^fj|§^ ,1<rar ^^ 

transmural nonftuorescenee, b) The middle sticefaffoj&0tig which gi. have demonstrated maximum effect with the high dose used 
was prcereatcd and continuously ty*nd with .pi^^^lU vffr in thc Qurrent study, d-propranolol, which shares with d-l- 

propranolol some direct cardiac depressant effects, is not a 0 

blocker and does not reduce necrosis following temporary 
ischemic injury ^ 

^-blockade intthe anesthetized dog usually reduces heart 
rate and cardiac. contractility and thereby decreases myo- 
cardial oxygen demands. Indices of contractility were not 
obtained in this* 1 experiment but heart rate and blood pres- 
sure were hoc. significantly diflcrcnt in treated vs. untreated 
groups, jS-blockade has a number of metabolic effects which 

may be important! in delaying cardiac ceU injury. These in- 
clude inhibition of cardiac glycogenosis and lipolysis 10, 1T 
and inhibition .of Ca ++ accumulation by sarcoplasmic 
reticulum. 10 The role of each of these actions in preserving 



papillary muscle itself is dark indicating <ln&ignlfij^ijgmicro~ 
vascular perfusion but the outer two thirds of the secu^\^i^ecn * 
perfused by thioflavin S indicating microvhcu%r^^^mi^c}^ : 
The lower slice from a dos with ^^M^^ r ^V^L M ^l^f nl ' il \'' 
aemonsirates thioflavin 5 perfusion anddih'e^pfPmicrowc^ii 



m in- 



preservation in the subepicardial h 

the subepicardial wavefront of aideyaloprng tayjrca^.. 
farctvean be salvaged for a,t ieas&2fj^ 
propranolol therapy. It seems likely that Uiesej^ls could be 
salvaged indefinitely since coronary ^S3jj& e ^j^°°^' ^ ow 

gradually improves after one to-four M|^o^p^lusion. u 

The principal limitation to this type^f study/ is the in- 
ability to evaluate necrosis in those do|| tha^Ke^ acutely 
following coronary occlusion. Thai ttKs Umitatibu|did not 
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ischemic myocardium is unknown, however. 
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||* 13&& 23 
$5 .-132*~ 13 
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104 * 84 60 ± 37 
170 - 12 70 * 10 
176 ± 34 77 13 
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Propranolol reduces total cwdiac*blg;o.dk. flow and roduocs 
collateral blood flow within subendocardial^ wclUs sub- 
epicardial, layers of the ischemic myocardium." Suben- 
docardial flow, relative to subepicardial jjB^jnay be un- 
changed or slightly improved."' 80 Collatex^lood flow was ., 
not directly measured in the present study ;.bui peripheral 
coronary pressure, which has been used v as.:an esumate ( of . 
potential collateral flow, 14 wag similar in ^treated and ^re- 
treated dogs. It scorns most likely that preservation pf 
ischemic myocardium by propranolol was not related to un- 
proved oxygen delivery. v > va % t c -v 
Although muscle cell death precedes TOiggygsculas injury 
in this model, microvascular •nccrosKejentaalljt^pcs occur 
and is associated with interstitial ^homorrh.age^ and;, suben- 
docardial perfusion defects- 1 - » Any^t^ejmc g^rfgff - 
which significantly reduces M^mf^^^^fi 
prevent necrosis of both cardiac.mu$cl< and^ the v^culature. 
Results with the dye thiofiavltv S^suKcsi^that propranolol 
did limit microvascular injury^s, vycll afiVmusclg.nccroais 
This conclusion is supported, by tultrastmcturalanalysi^and 
by carbon black labelling studiea.f * 

i-sfe- * w 

This study demonstrates that intcrvemion with pro- 
pranolol, in dogs with circumflex coronary occlusions, limits 
infarct aiae by preventing necrosis of mod^tely ischemic, 
subepicardial myocardium peripheral lo^ej^ntral r,qr^ Of 
the infarct. Although maximum benefit was^chieved by ini- 
liatinB propranolol therapy prior to occlusion,- some pratcc- 
tion occurred when therapy was delayed pu three' hours. 
Initial results with low doses of propranolols during ^un- 
complicated myocardial infarction in man- have.- suggested 
that it reduces ST^segment elevfttioi&andi^ 
dial metabolism without precipitating ^cong^tive heart 
failure.'- " Propranolol also may^^eve^t^clinlcal infarct 
extension," However, additional^ jging^trikl^wiUw^c 
needed to establish the po^^l^wpt^^t^^^f 
treatment -with propranolol durin^ewtf jm^ocar^ia! , mfkre- 
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